The association between body mass index (BMI) and cardiovascular risk factors, widely recognized in Western populations, was evaluated on subjects living in a rural Japanese area. DESIGN: A cross-sectional survey. SUBJECTS: A total of 16 871 subjects aged 40 -59 y, from a rural area in Japan, participated in an annual health examination. All of the subjects were required to answer six items in a questionnaire on health behavior and provide blood samples. MEASUREMENTS: Quetelet's index, blood pressure, total cholesterol, high-density lipoprotein cholesterol, health practices on exercise, drinking and smoking. RESULTS: The mean BMI in the population was 23.1 AE 2.9. After adjustment for sex, age and six health habits, the BMI was found to be significantly associated with blood pressure and the serum lipid levels by multivariate logistic regression analysis. The adjusted odds ratio for hypertension ( ! 140=90 mmHg) against the lowest quartiles of BMI (separated by 20, 25 and 28) were 1.6, 2.8 and 5.2, respectively. The adjusted odds ratio for hypercholesterolemia ( ! 240 mg=dl) against the lowest quartiles of BMI were 2.1, 3.3 and 4.6, respectively. CONCLUSION: There was a significant relationship between the BMI and cardiovascular risk factors in a rural Japanese population. This association could be extended to lower BMI levels than those in Western populations.
Introduction
Currently, 22 .9% of Japanese adults are considered to be overweight, defined as a body mass index (BMI) ranging from 25 to 27.9 kg=m 2 , and 6.7% to be moderately or severely overweight, defined as values of BMI of 28 kg=m 2 or higher. 1 The average body weight and plasma total cholesterol levels are increasing in Japan, while the plasma total cholesterol levels are gradually decreasing now in the US. 2 The high incidence of obesity in Western populations is well known. Excessive body weight (BMI of 27 or higher) is correlated with increased blood pressure. 3 Modification of obesity is associated with a decreased risk of hypertension, hyperlipidemia and hyperinsulinemia associated with type 2 diabetes. 4 However, it is unclear whether or not the relationship between the BMI and cardiovascular risk factors is linear, as a U (or J) shaped pattern is recognized in mortality. It was considered that data from populations in Japan, whose BMI values are, on average, smaller than those in US populations, might be informative. BMIs which are considered normal in non-Asian populations such as Caucasian, are predisposing factors to hypertension and type 2 diabetes mellitus in Asians such as Hong Kong or Korean populations. 5, 6 Since satisfactory conclusions are not available on the association between BMI and cardiovascular risk factors in local towns in Japan, the author examined the relationship of BMI to blood pressure and the serum lipid levels in a rural Japanese population.
Methods
Place of survey Gunma prefecture is located about 100 km north of Tokyo. There are 11 cities and 59 towns or villages in Gunma Prefecture, covering an area of 6363 km 2 . The population was 2.03 million in the year 2000. The author conducted a community-based study in 17 towns or villages in Gunma Prefecture. Gunma Prefecture has been the site of intensive longitudinal follow-up studies on the relationship between lifestyle factors, such as salt intake and cardiovascular diseases, conducted in local health centers by interviews and blood and urine examinations. 7 
Study population
The participants for this study were selected from 17 towns in Gunma Prefecture who attended an annual health examination program obligated by law from April to November in 1993. All the participants were 40 y or older, and the participation rate of annual health check in this year was 64%, which is calculated by the sum of subjects living in 17 towns in this study. The author limited the upper age of the participants in this survey to 60 y of age, because interviews by public health nurses were time-consuming. Thus, a total of 16 871 participants aged 40 -59 y answered a semi-structured questionnaire and provided blood samples. Informed consent was obtained from each participant.
Research procedure
The survey team was made up of public health nurses in Gunma Health Foundation and research members of the Gunma Silver Science Project (GSSP). Local officials permitted and arranged for the interviews. The questionnaire consisted of six items. Good health practices, taken from Breslow's Seven Health Practices, 8 were given the score of 1: no smoking habit including quitting, no drinking habit or drinking less than 6 days per week, exercise on 2 days per week or more, BMI from 20 to 27.9, total night sleep time from 6 to less than 9 h, eating breakfast every day, and no habit of eating snacks. Other practices listed in the questionnaire were given a score of 0.
Analyses of the samples were conducted in the Gunma Health Foundation. Public health nurses administered the questionnaires to gather information on each of the participants' six health practices mentioned above. Twenty public health nurses were involved in this project and they received special training on how to measure blood pressure, including the checking cuff size. The height and weight of the participants were measured to the nearest 0.1 cm and 0.1 kg, respectively. BMI was calculated as weight (kg)=height 2 (m 2 ). Blood pressure was measured by the public health nurse using a digital blood pressure machine (Model BP-103NII, NIHON COLIN Co. Ltd, Komaki, Japan) after the subject had been seated for at least 5 min according to the protocol. 9 Validation of the device could not be checked by the author, only reference to past reliable information on the automatic blood pressure device. 10, 11 This device was calibrated every year. Dual measurements were taken on the same arm, with at least 30 s between the readings, if the systolic blood pressure was 140 mmHg or higher or the diastolic blood pressure was 90 mmHg or higher. The lower of the two independent measurements of the systolic and diastolic blood pressures was recorded in these subjects.
In Japan, about 7.5 million people with hypertension and 1 million people with hyperlipidemia were undergoing treatment in 1996. 12 Patients with hypertension and hyperlipidemia aged 35 -64 y were calculated to be 6 and 1% of the Japanese populations, respectively. In this study, the percentages of patients taking antihypertensive or cholesterol-lowering medications were not checked.
Blood samples were obtained from 16 871 participants not under regulated diet. The sample tubes were kept on ice and subsequently centrifuged for 10 min in a refrigerated centrifuge at 2500 rpm. The samples were not frozen, and were analyzed within a day. Serum total cholesterol and highdensity lipoprotein (HDL) cholesterol levels were measured by enzymatic methods. The atherogenic index (AI) was calculated as (total cholesterol 7 HDL cholesterol)=HDL cholesterol. The coefficients of variation for the cholesterol measurement in this study were 0.71% (normal standard material) and 0.74% (high standard material), respectively. These were internal quality control data using standard materials for the cholesterol measurement (L-CONSERA N&=II, Nissui Pharmaceutical Co. Ltd, Tokyo, Japan).
Statistical analyses
The author used multivariate linear regression analysis to analyze the relationship between the systolic and diastolic blood pressures, serum total cholesterol, serum HDL cholesterol and the AI as dependent variables, and BMI, sex, age, exercise habit, alcohol drinking and smoking as independent variables. In the analysis of BMI as a categorical independent variable, the author calculated the average differences in the blood pressure and serum lipid levels of the subjects in each quartile BMI against the control, for BMI values under 20. The odds ratios for hypertension, defined as a systolic blood pressure of 140 mmHg or higher or a diastolic pressure of 90 mmHg or higher, and for hyperlipidemia, defined as serum total cholesterol level of 240 mg=dl or higher, were estimated by multivariate logistic regression using independent variables as categorical data. The 95% confidence intervals are also shown. The SPSS (version 10.0J) software for windows was used for the analysis. 13 
Results
In the total population studied, 68.3% were females, with the average of 50.7 y; 18.1% of the males were in the habit of exercising, and 39.2% of the males were not regular drinkers. The average BMI was 23.2 in males and 23.1 in females (Table  1) .
In the females, the percentage of those underweight, defined as a BMI of under 20.0, decreased from 17.3 to 10.9, and the percentage of overweight, defined as a BMI of 28 or more, increased from 5.1 to 7.9, with age. In the males, (Table 1 ). In the study population, 35.6% of males and 24.0% of females were classified as having hypertension, defined as a blood pressure of 140=90 mmHg or higher. The mean values of the systolic and diastolic blood pressures, as well as the prevalence of hypertension, increased with age and BMI. The mean values of serum total cholesterol and AI also increased with age and BMI. The mean value of serum HDL cholesterol decreased with increasing BMI. All of these relationships were statistically significant.
The partial regression coefficient, standard error, standardized partial regression coefficient (beta) and 95% confidence interval are calculated by stepwise regression analysis to predict blood pressures, serum lipids and AI. After controlling for other variables, the BMI, sex and alcohol drinking habit were independently and significantly associated with the systolic and diastolic blood pressures. BMI, sex, alcohol drinking habit and smoking habit were independently and significantly associated with the serum lipid levels. BMI was negatively associated with the serum HDL cholesterol, but positively associated with the serum total cholesterol and AI.
The odds ratios for hypertension against the lowest quartile of BMI (separated by 20, 25 and 28) were 1.6, 2.8 and 5.2 (95% confidence interval: 4.3, 6.3) after controlling for age, sex, exercise, alcohol drinking and smoking. The odds ratios for hypercholesterolemia against the lowest quartile of BMI (separated by 20, 25 and 28) were 2.1, 3.3 and 4.6 (95% confidence interval: 3.5, 5.9) after adjusting covariates. Multivariate odds ratios of hypertension and hypercholesterolemia according to the age and BMI are shown in Table 2 . Increased risk of hypertension and hypercholesterolemia with increasing BMI and age was seen. As compared with the participants who had a BMI of under 20 and were from 40 to 44 y old, the odds ratio of hypertension in those who had a BMI of 28 or greater and were from 55 to 59 y old was 11.0 (95% confidence interval: 7.4, 16.2). As compared with the participants who had a BMI of under 20 and were from 40 to 44 y old, the odds ratio of hypercholesterolemia in those who had a BMI of 28 or greater and were from 55 to 59 y old was 18.8 (95% confidence interval: 9.5, 37.4).
Discussion
Blood pressure measured on a single occasion is likely to overestimate blood pressure by including subjects with borderline hypertension.
14 Considering the acceptable definition of hypertension, the author has a risk of overestimating hypertension (stage 1) for the target subjects.
Increased incidence of hypertension among obese individuals has been observed in Western populations. 15 -18 Subjects with central obesity often have lipid abnormalities, including reductions in the levels of serum HDL cholesterol, 19 but the correlation between the BMI and serum total cholesterol levels is less clear. 20 The author observed positive associations between the BMI and blood pressure in this rural Japanese population. Also, a negative association of BMI and cardiovascular risk factors T Kawada the BMI with the serum HDL cholesterol levels and positive associations of BMI with the serum total cholesterol levels and AI were observed. The association between obesity and hypertension is speculated as being related to insulin resistance and hyperinsulinemia, 21 enhanced sympathetic activity, 22 and increase in the blood volume, stroke volume and cardiac output. 23 The association between overweight and dyslipidemia is speculated as being related, at least in part, to re-distribution of HDL cholesterol to the adipose tissue. 24 The adverse effects of obesity on cardiovascular disease have not been well documented in the Japanese people. 23 Suter et al observed a significant relation of the waist-to-hip circumference ratio to the blood pressure. 25 Yet the relationship of waist-to-hip circumference ratio to serum lipid levels such as those of HDL and LDL cholesterol does not seem to be consistent. 26 -28 The median BMI in Japanese is lower than that in the Western populations. The significant relationship between the BMI and cardiovascular risk factors in this study suggests a risk associated with even mild or moderate obesity. As no threshold of BMI for this relationship exists, the risk of cardiovascular incidents increases with increasing BMI, although extrapolation of these results to survival seems controversial. The author previously reported that lean male subjects are at a higher risk of death by any cause or neoplasms. 29 The higher percentage of neoplasms in subjects over the age of 40 and with a lean body seems to be partly derived from the disease itself.
The author observed an increase in blood pressure with age. This finding is consistent with the finding of the National Nutrition Survey in Japan. 1 Alcohol drinking habit was related to hypertension, consistent with the results of previous studies in Japan. 30, 31 However, we found no association between cigarette smoking and blood pressure. Higher serum HDL cholesterol levels and lower AI were observed among non-smokers. The reason is unclear, but Stubbe et al attribute this to the increase in serum HDL level due to increase dietary consumption following cessation of smoking. 32 Math argued that the serum HDL cholesterol level increased due to the increased flow of bile into the intestine. 33 Drinkers were found to have significantly higher levels of HDL cholesterol, which is consistent with the results of past studies. 34 A limitation of our study is the absence of information on antihypertensive or cholesterol-lowering medications in this population, which might be a confounding factor in the evaluation of the association between the BMI and blood pressure or serum lipid levels. Another limitation is that we did not consider eating habits, occupation or education. As the subjects were not instructed to fast before giving blood samples, the serum triglyceride and glucose levels, although they were measured, could not be evaluated in this report.
In conclusion, the results confirm independent positive relations between the BMI and cardiovascular risk factors. Although the prevalence of overweight individuals is lower in the Japanese than in the Western populations, weight control is still considered important to prevent hypertension and hyperlipidemia.
